(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 



(43) International Publication Date 

7 June 2001 (07.06.2001) PCT 



(10) International Publication Number 

WO 01/41295 Al 



(51) International Patent Classification 7 : 
H03K 4/92 



H03B 28/00. (74) Agent: PATENT AGENCY COMPATENT LTD.; 

Pitkansillanrama 3 B, FIN-00530 Helsinki '(H). 



(21) International Application Number: PCT/FIO0/01065 

(22) International Filing Date: 1 December 2000 (01. 12.2000) 

(25) Filing Language: English 

(26) Publication Language: English 
(30) Priority Data: 



19992614 



3 December 1999 (03. 12.1999) H 



(71) Applicant (for all designated States except US): NOKIA 
NETWORKS OY [FI/FI]; Keilalahdemie 4, FIN-02150 
Espoo (FI). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): HONKANEN, 
Mauri [FI/FI]; Rautatienkatu 4 B 19, FIN-33100 Tam- 
pere (FI). VANKKA, Jouko [FI/FI]; Pihlajatie 8 A 8, 
FIN-00270 Helsinki (H). 



(81) Designated States (national): AE. AG, AL. AM, AX AU, 
A2. BA. BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE. DK, DM, DZ, EE, ES, FI. GB. GD. GE. GH. GM. HR. 
HU, ID. DU IN, IS, JP. KE. KG, KP, KR, KZ. LC LK, LR. 
LS, LT, LU, LV, MA, MD, MG. MK, MN, MW, MX, MZ, 
NO, NZ. PL, PT, RO, RU, SD, SE, SG. SI. SK, SL, TJ.TM, 
TR. TT, TZ, UA. UG. US, UZ, VN, YU, ZA, ZW. : * 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE. LS. MW, MZ, SD, SL, SZ, TZ, UG. ZW), Eurasian 
patent (AM. AZ, BY, KG, KZ, MD. RU, TJ, TM). European 
patent (AT, BE, CH, CY, DE, DK, ES. FI, FR. GB, GR, IE, 
IT, LU, MC. NL, PT, SE, TR), OAPI patent (BF, BJ, CF. 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN. TD, TG). 

Published: 

— With international search report 

For two-letter codes and other abbreviations* refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: DIGITAL RAMP GENERATOR WITH OUTPUT POWER LEVEL CONTROLLER 



ON 



O 



60 



Digital Sinusoidal Otcfflstcr 



62 



DELAY 


I 


DELAY 








Z' 




j/ 66 
/^pJ_ > |SCALER 



67 
1^ 



^1 mux 



(A + 4e) 



(57) Abstract: Simplifying functions representing raised sine or cosine curves to functions representing simple sine or cosine curves 
makes it possible to implement an electrical equivalent circuit for a ramp generator. The core of the ramp generator with an output 
power level controller is second-order direct-form feedback structure (60), which forms a digital sinusoidal oscillator. The initial 
values of two stale variables x 2 (n), x 2 (n+l) of the oscillator are chosen so that they both contain a predetermined first constant value. 
This first constant value will emerge as the amplitude value of the pure sine wave generated by the oscillator. Particularly the first 
constant value is equal to the desired nominal level A of the ramp minus the starting level. A second constant value (A+dc) is added 
to the oscillator output The added result is scaled (66) so that the nominal power level is A. A multiplexer (67) keeps the power 
level between the ramps constant 



WO 01/41295 



1 



PCT/FIOO/01065 



DIGITAL RAMP GENERATOR WITH OUTPUT POWER LEVEL 
CONTROLLER 

FIELD OF THE INVENTION 
5 The present invention relates generally to a transmitter of a radio 

system using burst transmission, and particularly to a ramp generator for 
shaping the rise and the fall of a burst and for controlling the power level of 
the burst. 



1 0 BACKGROUND OF THE INVENTION 

A burst is the transmission quantum of numerous digital radio sys- 
tems based on the principle of time division duplex (TDD), frequency division 
duplex (FDD), and code division duplex (CDD). The transmission takes place 
during a short time window. Within this time interval the emission rises from 

15 the starting power level to the nominal power level. The signal is then modu- 
lated to transmit a packet of bits. After that, the power level decreases until it 
reaches the minimum power level. The time mask of the burst, during which 
the bits are transmitted, is called a useful part or a payioad part. Modulation 
is performed in the transmitter analogically or digitally, either at a base band 

20 frequency or at an intermediate frequency (IF). The modulated IF signal is 
then mixed up to the radio transmission frequency. 

FIG. 1 depicts the rising portion of the power envelope of a burst 
comprising a digitally modulated intermediate frequency signal. In this exam- 
ple, during the rise of the burst the envelope should track a raised sine 

25 curve. After a predetermined period the power has reached its selected 
nominal level, whereupon modulation starts. This instant is denoted as 0 in 
the horizontal time axis. Usually the transmission power is adjustable accord- 
ing to the requirement of the system concerned. For that reason the nominal 
power level value can vary between the maximum power level and the mini- 

30 mum power level, as shown by the dotted line and the dashed line in FIG. 1 . 
The nominal power level between those levels can usually attain one of 
several discrete power levels. For example, the downlink dynamic power 
control in the GSM system uses 1 6 power levels with 2 dB separation. 
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FIG. 2 depicts the falling portion of the envelope of a digitally 
modulated intermediate frequency signal. The signal envelope during the fall 
of the transmission burst should track a raised cosine curve. 

The power level can be controlled burst by burst. Control is real- 
5 ized by scaling the ramp curve which follows the raised sine/cosine curve. 
Hence, the ramp-up curve starts from the minimum power level, but settles at 
the level specified by the power level indication as shown in FIG. 1. At the 
end of the burst the ramp-down curve starts from the nominal power level, 
but settles at the minimum power level as shown in FIG. 2. 
10 Conventionally, power ramping and control of the output power 

level are performed in the analog domain. One problem with analog solutions 
is inaccuracies caused by aging and by variations in operation temperature 
and components. Furthermore, the analog solutions are complex, and stabil- 
ity is a problem. 

15 Today the tendency is to perform power ramping and output 

power level control digitally in order to avoid the afore-mentioned problems. 
Some basic solutions are presented below. 

FIG. 3 illustrates in broad outline the formation of a modulated IF 
signal into a shape as shown in FIG. 1 and FIG. 2. Data symbols arrive at 

20 digital modulator 31, which carries out modulation according to the modula- 
tion scheme of the system concerned. A ramp generator in block 32 gener- 
ates the rising and falling edges according to the raised sine/cosine curve 
and a flat portion between the curves. Digital output signals from the ramp 
generator and the modulator are then converted to analog signals in digital- 

25 to-analog converters 33 and 36: For removing the high frequency sampling 
components the analog signals are then filtered in low pass filters 37 and 38, 
whereupon the analog modulated signal is multiplied in analog multiplier 35 
by the analog ramp signal in order to smoothen out the rise and fall of the 
burst. The output from the multiplier is the analog modulated IF signal with 

30 ramped power. 

FIG. 4 illustrates another digital modulator. Data symbols arrive at 
digital modulator 41, which carries out modulation according to the modula- 
tion scheme of the system concerned and produces I and Q signals. Said 
signals are then converted into analog signals by DA converters 43 and 44. 

35 For removing the high frequency sampling components the analog signals 
are filtered in low pass filters 410 and 411, whereupon both the analog I 
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signal and the analog Q signal are transformed into an intermediate fre- 
quency by mixer 45 and mixer 46, accordingly. After mixing the sum of the I 
signal and Q signal are added up in analog adder 47 to form the sum signal. 
A ramp generator in block 42 generates the ramp signal, i.e. the rising and 
5 falling edges according to the raised sine/cosine curve and the flat portion 
between them. The digital ramp signal is then converted into an analog sig- 
nal in converter 48. The high frequency sampling components are filtered in 
low pass filter 412, whereupon the analog modulated sum signal is multiplied 
in multiplier 49 by the analog ramp signal in order to smooth out the rise and 
10 fall of the IF burst. The output from the multiplier is the analog modulated IF 
signal. 

Common to both prior art solutions described above are the per- 
formance of both the modulation and the generation of the ramp signal digi- 
tally but conversion of the digital result signals into the analog domain before 
1 5 multiplying. However, there is a tendency in the art to carry out all processes 
within the digital domain. In order to better understand one possible realiza- 
tion of the digital ramp generator, a short review of the mathematical back- 
ground is of assistance. 

The burst signal can be considered as a product of an original 
20 modulated signal m(f) and a periodical switching signal sw(f). The spectrum 
of the burst signal is the convolution of the spectra of these two signals in the 
frequency domain. 

For rectangular switching, i.e. without raised cosine/sine shaping, 
formula (1) is valid: 

25 W<J) = M{f-f c )*S W V) = K± M(f-f c -nf g )^^- (1) 

«»-co i&y g f 

where * denotes convolution, 

f c is the carrier frequency, 
f g is the burst gating rate, 
r is the burst length and 
30 K is a proportional constant 

For raised cosine/sine switching, i.e. with raised cosine/sine shap- 
ing, formula (2) is valid: 
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A smmfAt-a) cos jranf 

= M{f-f c -nf g ) / K \ J * (2) 

7mf g (r-a) l-(2ow/ g ) 2 

where a is the ramp time. 

The spectrum of the periodic burst signal consists of infinite num- 
bers of secondary spectral lobes having the same shape as M(/) separated 
5 by the burst gating rate f gj and having decreasing amplitudes. Since the 
secondary spectral lobes resulting from formula (2) decay faster than those 
resulting from formula (1), the raised cosine/sine switching is used. 

The following function is used to smooth out the rise of the burst: 

irt 

(A-dc)sin(—) 2 +dc 9 (3) 

1 0 where T r indicates the ramp duration, 
/isfOTj, 

A is the envelope of the modulated signal, and 
dc is the dc offset which settles the starting power level in Fig. 1 . 
The following function (4) is used to smooth out the fall of the 



15 burst: 



(A-dc)cos(^) 2 +dc. (4) 



FIG. 5 illustrates a ramp generator and an output power controller 
known in the art which are based on formulas (3) and (4). The raised sine 
values of formula (3) or the raised cosine values of formula (4) are stored in 

20 the read only memory (ROM) 51. Digital multiplier 52 is used to control the 
amplitude level, i.e. value (A - dc). Adder 53 sets the dc offset, i.e. the last 
factor of formulas. The size of the ROM memory is about (f dk x T r ) x outw, 
where f^ is the digital IF modulator clock frequency (sampling frequency), T r 
is the puise duration and outw is the multiplier input width. 

25 One drawback of this known ramp generator is that due to the 

high clock frequency in the digital IF modulators, the size of the memory is 
large. For example, if the clock frequency is 52 MHz and the ramp duration is 
14 |is, then the size of the memory is about 728 x 12 bit. Furthermore, a 
multiplier is needed as an extra component to set the output power level. 

30 Another possible way to implement the ramp generator and output 

power controller is to use a FIR-filter (Finite Impulse Response). The number 
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of the FIR filter taps is f dk x T r , where f dk is the digital IF modulator clock 
frequency and T r is the pulse duration. One drawback of filter implementation 
is that due to the high clock frequency (sampling frequency) in the IF modu- 
lators, there are many taps in the FIR. Therefore, the realization of raised 
5 sine and cosine functions with filters is complex. For example, with the above 
mentioned values, i.e. the clock frequency is 52 MHz and the ramp duration 
is 14 us, the number of the FIR filter taps is 728. 



SUMMARY OF THE INVENTION 

10 One objective of the present invention is to devise a digital ramp 

generator with an output power controller that is easy to implement and 
which requires a minimum number of standard components, without the 
need for raised sine and cosine memories or digital filters. 

A further objective is to devise a digital ramp generator with an 

15 output power controller generating a digital output signal that can directly 
multiply the digital modulated signal produced by a digital modulator. 

Yet a further objective is to devise a digital ramp with inherent 
power control, wherein the generator and power control form a functionally 
inseparable integrated unit. 

20 The present invention is based on a further mathematical explica- 

tion of the raised sine and cosine curves representing the rise and fail of the 
burst. Simplifying functions representing raised sine/ cosine curves to func- 
tions representing simple sine/ cosine curves makes it possible to implement 
an electrically equivalent circuit consisting of a few simple basic components 

25 while tracking the raised sine and cosine functions well. 

The core of the electrical equivalent circuit functioning as a ramp 
generator with an output power level controller is a second-order direct-form 
feedback structure forming a digital sinusoidal oscillator. The structure is 
well-known as such, and it produces an output sequence which is the sam- 

30 pled version of the pure sine wave with an amplitude value. The initial values 
of two state variables of the oscillator are chosen so that they both contain a 
predetermined first constant value. This first constant value will emerge as 
the amplitude value of the pure sine wave generated by the oscillator. Par- 
ticularly the first constant value is equal to the desired nominal level A of the - 

35 ramp minus a dc offset, where the dc determines the starting power level of 
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the rising ramp and the settling power level after the falling ramp. The dc 
offset may also be called as a base level. 

A second constant value equal to the desired nominal level of the 
ramp plus the above-mentioned dc offset is added to the oscillator output. 
5 Due to the deliberately chosen first and second constant values, the adding 
operation causes the rising ramp to start from level 2*dc and to end at level 
2«A. Accordingly, the adding operation causes the falling ramp to start from 
level 2*A and to end at level 296c. 

Finally, the result will be scaled so that the nominal power level 
10 will be A, and the starting level of the rising ramp and the end level of the 
failing ramp will be dc. 

After the ramp has risen to the predetermined nominal power 
level, the output power level will be kept constant up to the instant when the 
ramp starts falling. 

15 The proposed digital ramp generator and power controller can be 

implemented with the aid of two two-input adders, two delays, a multiplexer, 
and a fixed multiplier, which can be constructed with (N-1) adders, where N 
is the number of non-zero bits in the coefficient. The proposed ramp genera- 
tor and output power controller saves hardware compared to the conven- 

20 tional methods. Furthermore, since the proposed ramp generator and output 
power level controller needs neither a memory nor a multiplier, rt can be 
easily implemented with standard cells. 



BRIEF DESCRIPTION OF THE DRAWINGS 

25 The invention is described more closely with reference to the ac- 

companying drawings, in which 

Figure 1 shows the rising ramp of a burst; 

Figure 2 shows the falling ramp of a burst; 

Figure 3 illustrates a prior art modulator and ramp generator; 
30 Figure 4 depicts another prior art modulator and ramp generator; 

Figure 5 shows a prior art digital ramp generator; 

Figure 6 is a block diagram of the invented ramp generator; 

Figure 7 is another embodiment of the invented ramp generator; 

Figure 8A shows output error when truncation is used; 
35 Figure 8 B shows output error when rounding is used; 
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Figure 9 depicts a ramp down profile; 

Figure 10 depicts a ramp up profile, and 

Figure 11 shows a ramp generator adapted to Blackman window. 



5 



DETAILED DESCRIPTION OF THE INVENTION 



The mathematical background of the invented ramp generator is 



founded on further development of known formulas for raised cosine and 
sine functions. 



10 (3), which is used for smoothing out the rise of the burst, can be rearranged 
as follows: 



At the time instant t=*) the value of the function is dc, and at the end of ramp 
time T r the value of the function is A. Hence, cfc is the offset value which 

15 settles the starting power level, and A is the power level which the ramp 
reaches at the end (see FIG. 1). Therefore, the setting of the output power 
level of the ramp generator, i.e. the nominal power level of the burst, can be 
done by controlling the value of A. It is essential to note that in equation (5) 
the cosine term is not raised, so it can be implemented by a sinusoidal oscil- 

20 iator. 

Accordingly, using trigonometric identities, function (4), which is 
used for smoothing out the fall of the burst, can be rearranged as follows: 



At the time instant t=0 when the ramp begins to fall, the value of the function 
25 is A, and at the end of ramp time T r the value of the function is dc. Hence, dc 
is the offset value which settles the power level after the ramp, and A is the 
power level from which the ramp begins to fall (see FIG. 1). Also in this equa- 
tion the cosine term is not raised, so it can be implemented by a sinusoidal 
oscillator. 

30 FIG. 6 depicts a ramp generator with an output power level con- 

troller which realizes the above-mentioned formulas (5) and (6). The circuit 



Using trigonometric identities, the previously presented function 




(5) 




(6) 
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consists of the digital sinusoidal oscillator 60, adder 68, scaler 66, and MUX 
67. 

The core of this structure, the digital sinusoidal oscillator 60, is a 
second-order direct-form feedback structure known as such. It produces the 
5 cosine term of equations (5) and (6) and amplitude A-dc of the cosine term. 
Adder 68 adds the constant value A+dc to the oscillator output. 

Operation of the oscillator will now be described in more detail by 
explaining the mathematical basis of the operation of the oscillator with ref- 
erence to the circuit elements in FIG. 6. 
1 0 Digital sinusoidal oscillator 60 producing the cosine term of formu- 

las (5) and (6) is implemented by the following second-order difference equa- 
tion: 

x 2 {n + 2) = a x 2 (n + 1) - x 2 («). (7) 

FIG. 6 shows the signal flow graph of the second-order direct-form 
15 feedback structure with state variables x t (n) and x 2 (n). State variable x,(n) is 
the input to delay block 62, and state variable x 2 (n) is the output from that 
block. Delay block 62 can be implemented with registers. As shown, state 
variable x,(n) is also applied to block 63, which multiplies it by the coefficient 
a, whereas state variable x 2 (n) is applied to block 64, which takes negation 
20 from input signal, i.e. multiplies it by the coefficient -1. The outputs from 
blocks 63 and 64 are fed to the two-input adder 65. The added result, which 
is the right-hand part of equation 7, is then applied to delay block 61, which 
can be implemented with registers. The added result is denoted as x 2 (n+2) in 
FIG. 6. 

25 As shown in the figure, the two state variables are related by the 

equation: 

x } (n) = x 2 (n + l). (8) 
Solving the one-sided z transform of equation (7) for x 2 (n) leads to 

formula 

30 X 2 (z) J z2 - az ^ 0) + 2X * 0 \ (9) 

where x^O) is the initial value of state variable x^n), i.e. the input to delay 
block 62, and x 2 (0) is the initial value of state variable x 2 (n) f i.e. the output 
from delay block 62. 
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Identifying the second state variable as output variable 
y(n) = x 2 (n\ (10) 

as shown in FIG. 6, and choosing the denominator coefficient a to be 

a=2cos6> 0 , O^coJ^lTtfJ f cfk , (11) 

5 where f 0 is the oscillator frequency and f dk is the sampling frequency, and 
choosing the initial values of the state variables to be 

jc^O) = i4*cos0 o , jc 2 (0) = ^*, whereA* = A-dc (12) 

we obtain from equation (9) a discrete-time sinusoidal function as the output 
signal: 

A*(z 2 -cosO Q z) 

1 0 Y(z) = ~r4 7 -T (1 3) 

x J z 2 -2cos0 o rz + r 2 K * 

This output signal Y(z) has complex-conjugate poles at 
p = rexp(+(0 o ), and a unit sample response 

y(n) = A *r n cos(n0 o ), n>0 (14) 

If the poles are placed on the unit circle , i,e, by putting r = 1 , then 
1 5 the unit sample response is 

y(n) = A*cos(n0) 9 n>0 (15) 

Thus the impulse response of the second-order system with com- 
plex-conjugate poles on the unit circle is a sinusoidal waveform. 
An arbitrary initial offset (p 0 can be realized, namely, 

20 y(n) = A* cos(0 o n + <p Q ) (16) 

by choosing the initial values: 

x } (0)=A*cos(0 0 + (p 0 ) (17) 

x 2 (0) = ^*cos(?7 0 ). (18) 

The above derived formulas show that any real-valued sinusoidal 
25 oscillator signal can be generated by the second-order structure shown in 
FIG. 6. The initial phase offsets of the digital oscillator are 0 for the ramp 
down and % for the ramp up. The initial values of state variables x,(n) and 
x 2 (n) for these phase offsets are calculated from equations 17 and 18. 
Hence, for the falling ramp (<p 0 = 0) the initial values are 
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x,(0)= (A-dc)cos(6 0 ) 
x 2 (0)=(A-dc). 

For the rising ramp (<p 0 = jt) the initial values are 
x,{0)= -(A-dc)cos(9 0 ) 
5 x 2 (0)= -(A-dc). 

The initial values for the raising ramp are negation of the initial values for the 
falling ramp. 

The output sequence y(n) of the ideal oscillator is the sampled 
10 version of a pure sine wave. The angle G„ represented by the oscillator coef- 
ficient is given by 

0 c =2xf o T, (19) 

where f 0 is the desired frequency in cycles per second. In actual implementa- 
tion, the multiplier coefficient 2 cos9„ is assumed to have b + 2 bits. In par- 
15 ticular, one bit is for the sign, one bit for the integer part, and b bits for the 
remaining fractional part in fixed-point number representation. Then the 
largest value of the coefficient 2 cos8„ which can be represented is (2 - Z*). 
This value of the coefficient gives the smallest value of B^ n which can be 
implemented by a direct form digital oscillator using b bits: 

20 ^ ia =cos-'[i(2-2-*)j. (20) 

Therefore, the smallest frequency which the oscillator can gener- 
ate is 

6 

/rain = "Z £2L /c»» (21) 

where f dk is the clock frequency (sampling frequency). 
25 As an example, let b = 25 bits. The largest oscillator coefficient (2 

cos6 0 ) is 67108863/33554432, then fa = cos" 1 (671 08863/671 08864) « 
0.00017263. If clock frequency 4> is 52 MHz and b = 25, then f min « 1.43 kHz. 

During the ramp period the phase change in equations 5 and 6 is 
it, and therefore the required output frequency is 

30 ( 22 ) 
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The smallest frequency f min should be below f 0 . For T r = 14 \xs t f 0 « 
35.71 kHz . 

Referring to FIG. 6 the cosine term in formulas 5 and 6 is imple- 
mented by the sinusoidal oscillator, which solves the second order difference 
5 equation. Value A* of the digital oscillator amplitude is selected to be same 
as A-dc, where A is the desired nominal power level of the ramp signal and 
dc is the level from which the rising ramp starts and to which the falling ramp 
ends. The initial phase offsets of the digital oscillator are 0 when forming the 
ramp down, and n when forming the ramp up. Hence, it is worth noting, that 
10 by choosing the value A-dc from a table of values the desired power level of 
the digital ramp signal is selected. By setting the initial phase offset of the 
digital oscillator to 0, the oscillator generates the ramp down signal, and by 
setting the initial phase offset to jc, the oscillator generates the ramp up sig- 
nal. 

15 The digital output signal of the oscillator is (A-dc)cos(n9 0 + q> 0 ). 

However, in order to fulfill requirements of formulas 5 and 6, a factor A+dc 
should be added up said digital output signal. That's why the output signal 
and a signal having the value A+dc are applied to the two-input adder 68 
(see FIG. 6). By adding, a ramp signal is produced with an amplitude which 

20 is twice as high as required. For that reason the ramp signal is applied to 
scaler 66, which performs binary shift 2 A to the incoming digital ramp signal. 
The scaler can be implemented with wiring. 

Finally, the digital ramp signal is fed to block 67. The purpose of 
that block is to maintain the achieved power level of the ramp signal exactly 

25 at the desired nominal level A during the modulation period. Block 67 can be 
formed by a multiplexer (MUX), the output signal of which is locked to the 
input signal during the rise and fall periods of the ramp. Hence, when the 
ramps start to rise, selection signal SEL holds the MUX in a state which 
allows a signal incoming from scaler 66 to appear at the output port of the 

30 MUX. After the rising ramp has reached nominal power level A, selection 
signal SEL changes the state. In response to the change, a signal fed back 
from the output port to the input port of the multiplexer is directed again to 
the output port, whereby signal OUT remains constant. Accordingly, when 
the falling ramp starts, selection signal SEL changes its state again, where- 

35 upon the falling ramp is directed to 7 the output port of MUX 67. 
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Power control is realized by scaling the ramp curve within the os- 
cillator. The amplitude of the sinusoidal is controlled by factor A. For exam- 
ple, the downlink dynamic power control in GSM 900/DCS 1800 uses 16 
power levels with 2 dB separation. The power control range is 0...-32 dB, 
5 where 0 dB level is the nominal maximum power. The additional 2 dB range 
is reserved for gain stabilization of the transmitter analog parts. Furthermore, 
power control fine tuning step (0.25 dB) is introduced for this purpose. There- 
fore, the range of the initial amplitude value A* is from 0.0251 to 0.999. 

If the ramp time is variable, then a fully parallel multiplier is 
10 needed. For applications with fixed ramp time, a fully parallel multiplier is not 
required, and it would indeed be a waste of silicon area. Multiplication by a 
fixed binary number can be accomplished with N-1 adders, where N is the 
number of nonzero bits in the coefficient. 

If the clock frequency is 52 MHz, the output frequency of the oscil- 
15 lator is 35.71 kHz and b is 25, then the coefficient 2 cos(2nfJf cl ^ is 
1.99998137757162 (01111111111111111011 0001 1 1 1 ) 2 . This requires 22 
adders. 

Fig. 7 shows the block diagram of a modified ramp generator and 
output power controller. In comparison with FIG. 6, it includes an extra two- 
20 input adder 78 and block 73, which multiplies variable x1(n) with coefficient 
2. In blocks 74 and 75 the multiplication coefficients are 2(1-cos9) and 1, 
respectively. In order to reduce the hardware complexity of the direct-form 
digital oscillator, we can write: 

2 cos(0) = 2 - 2- A, [2" (2 - 2cos(0))} 

(23) 



where b\ = log 2 , 

|_ 2 2 (1 -cos 0) j 



25 and [r\ is the smallest integer greater than or equal to r. The coefficient (2- 
2cos(2*/ Jf^) is 0.00001862 (000000000000000001001 110000) 2 . The total 
number of adders to implement the coefficient 2 cos(2 n fjf dk ) is reduced 
from 22 to 4. The coefficient is formed by multiplying the small fraction (2-2 
cos(2* fjf^)) by the factor 2 b \ where b\ is 15. This reduces hardware com- 

30 plexity by reducing the maximum word length needed in adders. The output 
of the adders must be multiplied by 2' b \ to keep the overall gain unchanged. 
The number of adders could be reduced further using the Canonic Signed 
Digit (CSD) numbers. 
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The error at the invented ramp generator output consists of two 
components 

e(n) = e } (n) + e 2 (n), (24) 

where e f (n) is the error due to the ramp generator output quantization, e 2 (n) 
5 is the error that has been accumulated as a result of the recursive computa- 
tions in the digital oscillator. 

The bounds for e^n) are given by 

-2- c <*,£(), (25) 
for truncation and 

10 __«,,<_ (26) 

for rounding and c is the fractional bits in the ramp generator and power level 
controller. 

In the digital oscillator, besides the zero-input response y(n) of the 
second-order system, we get a zero-state response yjin) due to to the ran- 
15 dom sequence e 2 (n) acting as an input signal. From equation (7) is obtained 

y(n + 2) = ay{n + 1) - y{n) + e 2 (n), (27) 

and by z transformation 

Y(z)=Y M (z) + 7 e M 9 (28) 

with Y idea fe) due to (9). The z transform of the output error y en (n) is given by 



E 2 (z) 
z 1 -2cos0 o z + l 



20 Yjz)- 2 - 2 ±i - , (29) 



with E 2 (z) being the z transform of the quantization error signal e 2 (n). Trans- 
forming YerXz) back into the time domain results in an output error sequence 

Vcrrin) = X e 2 (k) sin(0 o (n-k + 1)), for n > 2, (30) 
smt/ 0 k = 2 

where e 2 (1) and e 2 (2) are assumed to be zero. 
25 A computer simulation of equation (27) and an evaluation of equa- 

tion (30) leads to a sinusoidal output error signal y en (n) with a frequency the 
same as that of y^ri), but with an amplitude less than the amplitude of 
y*kJ<PY Equation (30) shows that output error is inversely proportional to 



WO 01/41295 



14 



PCT/FIO0/O1065 



10 



15 



20 



sin8 0 Thus output error increases with decreasing digital oscillator frequency. 
If truncation is used, the right-hand side of equation (30) is negative since 
e 2 (k) is negative, (see equation (25)) and sin(9 0 (n-/c+1)) is positive, because 
the digital oscillator generates only half of the sine wave period. Therefore 
truncation results in very high output errors as shown in FIG. 8A. 

The fact that error is a deterministic signal forces us to investigate 
the worst case, which corresponds to the case where every truncation suf- 
fers from the maximum absolute error value. Thus the upper limit for the 
error becomes 



r 0 k~2 



sin0 o sin(0 o /2) 0] 



(31) 



25 



where e max = -2 b is the worst case truncation error, b is fractional 
bits in the digital oscillator, 0<9 0 «1, M=[tc/9 0 ], and [r] is the smallest inte- 
ger greater than or equal to r. 

FIG. 8B shows the error if rounding is used. The e 2 (k) gets posi- 
tive and negative values, so the output error sequence gets lower values 
than in the case of truncation. Simulations indicate the accumulated error is 
below output quantization error when rounding is used, b is 25, and c is 12. 

FIG. 9 and FIG. 10 show ramp up and ramp down profiles for 
transmitted time slots. Dashed lines show the time mask for the burst by 
burst power ramping. The curves fully satisfy the GSM 900/DCS 1 800 
masks. The power measured due to switching transients, which determines 
allowed spurious responses originated from the power ramping before and 
after the bursts, shall not exceed the limits shown in table I. The exact limits 
are given in GSM specification 05.05. The simulated power levels are well 
below the limits as shown in Table I. 



Offset (kHz) 


Maximum Power Limit (dBc) 
GSM 900 DCS1 800/1 900 


Simulated Maximum 
Power (dBc) 


400 


-57 


-50 


-65.09 


600 


-67 


-58 


-75.78 


1200 


-74 


-66 


-86.07 


1800 


-74 


-66 


-86.99 



Table I. Spectrum due to switching transients 
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The oscillator can be implemented in various ways. The fixed co- 
efficient multiplier in the sinusoidal oscillator in Fig. 5 could be replaced by a 
fully parallel multiplier, allowing the output frequency of the sinusoidal oscilla- 
tor to be changed and the ramp duration time to be variable. 
5 The ramp generator and power level controller according to the 

invention can also support a Blackman window. 

FIG. 1 1 shows a ramp generator adapted to Blackman window. In 
that window equations (5) and (6) presented previously are of the form: 

0A2A + 0.5,4 cos(^£) + 0.08,4 cos(^^) (32) 

10 for the Blackman falling ramp, and 

0.42^ + 0.5^cos(^^ + ^) + 0.08^cos(^^-) (33) 
T r T r 

for the Blackman rising ramp. 

These equations give more attenuation of switching transients 
than raised cosine/sine equations (5) and (6). The extra cosine term in equa- 
15 tions (32) (33) requires one more digital oscillator in the ramp generator and 
power level controller as shown in FIG. 11. 

A parallel multiplier should be used to implement coefficient 2(1- 
cos(Q)) so that the ramp time is flexible. The use of the parallelism to attain 
high throughput could be utilized for the ramp generator and output power 
20 level controller. 
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Claims 

1. A method of producing a curve in a digital ramp generator, the 
curve comprising, 

a rising ramp starting from a base power level dc and ending at a 
5 nominal power level A, the rising ramp being in the form 

(A - dc)sin(^ r ) 2 + dc 9 where T r is the ramp time, 

a falling ramp starting from the nominal power level A and ending 

Tit 

at the base level dc, the falling ramp being in the form (A -rfc)cos(— ) 2 +dc, 

where T r is the ramp time 
10 a flat portion between the rising ramp and the falling ramp at the 

nominal power level, characterized in steps of: 

using trigonometric identities the form of the rising ramp is trans- 



formed into form - 
2 



' nt ^ 

(A + dc) + (A - dc) cos( — + it) 



using trigonometric identities the form of the falling ramp is trans- 
1 5 formed into form i ^(A + dc) + {A - dc) cos(^) j, and 

providing a digital sinusoidal oscillator for computing the cosine 

terms. 

2. A method as in claim 1, further comprising the step of 
realizing the digital sinusoidal oscillator by a second order direct- 

20 form recursive structure implementing the second- order difference equation 
of state variables: 

x 2 (n+2)=2cos(2rcf 0 /f CLK ) x 2 (n+1) - x 2 (n), where f 0 is the digital sinusoidal oscilla- 
tor frequency and f CLK is the sampling frequency. 

3. A method as in claim 1 , further comprising the step of 

25 providing an adder for adding the value A+dc and the output sig- 

nal of the digital sinusoidal oscillator. 

4. A method as in claim 3, further comprising the step of 
providing a scaler for scaling the output signal from the adder by 

the factor Vz. 

30 5. A method as in claim 1 , further comprising the step of 
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providing means for sustaining the amplitude of the curve at the 
nominal power level A between the rising ramp and the falling ramp. 

6. A digital ramp generator including means for producing a curve 
comprising, 

5 a rising ramp having the shape of a raised sine curve, the rising 

ramp starting from a base power level and ending at a nominal power level, 

a falling ramp having the shape of a raised cosine curve, the fal- 
ling ramp starting from the nominal power level and ending at the base level, 
a flat portion between the rising ramp and the falling ramp at the 
10 nominal power level, characterized in that 

said means for producing the rising ramp and the falling ramp of 
the curve comprise a digital sinusoidal oscillator generating the rising ramp in 

the form (^-rfc)cos(y-+/r) and the falling ramp in the form (^-rfc)cosA, 

where T r is the ramp time, A is the nominal power level, and dc is the base 

15 power level; and 

the digital sinusoidal oscillator is realized by a second order direct- 
form recursive structure, within which the cosine terms are computed and 
which implements the second- order difference equation of state variables: 
x 2 (n+2)=2cos(27rfo/f CLK ) x 2 (n+1) - x 2 (n), where f 0 is the digital sinusoidal oscilla- 

20 tor frequency and f CLK is the sampling frequency. 

7. A digital ramp generator as in claim 6, characterized in 
that a second order direct-form recursive structure comprises 

a first digital delay element (61) producing state variable x 2 (n+1) 
and a second digital delay element (62) producing state variable x 2 (n), the 
25 delay elements being connected in series, 

a first digital two-input adder (65) producing state variable x 2 (n+2) 
for applying to the input of the first delay element, 

a first digital multiplier (63) for multiplying state variable x 2 (n+1) 
obtained from the output of the first delay element (61) by factor 
30 2cos(27cfo/f CLK ) ( the output of the first multiplier being connected to one input 
of the digital two-input adder, 

a second digital multiplier (64) for multiplying state variable x 2 (n) 
obtained from the output of the second delay element (62) by factor -1, the 
output of the second multiplier being connected to another input of the digital 
35 two-input 
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8. A digital ramp generator as in claim 7, characterized in 
that the initial value of the state variable (x 2 (n)) at the output of the second 
delay element (62) is A^dc and the initial value of the state variable x 2 (n+1) at 
the input of the second delay element (62) is (A-dc) cos(27tf ( /f CLK ) J 

5 wherein the unit sample response y(n) of the second order direct- 

form recursive structure is a digital sinusoidal equal to 
(A-dc) cos(nx2jtf ( /f CLK ). 

9. A digital ramp generator as in claim 7, characterized in 
that the initial value of the state variable x 2 (n) at the output of the second 

10 delay element (62) is (A-dc)cos(q> 0 ) and the initial value of the state variable 
x 2 (n+1 ) at the input of the second delay element (62) is 
(A-dc)cos(27tVfcLK + <Po). where <p 0 is an arbitrary initial offset, 

wherein the unit sample response y(n) of the second order direct- 
form recursive structure is a digital sinusoidal equal to 

15 (A-dc) cos(nx27cfo/f CLK + <p 0 ). 

10. A digital ramp generator as in claim 6, characterized in 
that means for producing a curve further comprises a second digital two- 
input adder (68), to one input of which is applied the output signal from the 
digital sinusoidal oscillator and to another input of which is applied a constant 

20 having value A+dc, wherein value A determines the nominal power level of 
the ramps. 

1 1 . A digital ramp generator as in claim 10 ( characterized in 
that the output from the second digital two-input adder (68) is connected to a 
scaling element (66), which scales the output signal from the adder so that 

25 the maximum power level is nominal power level A. 

12. A digital ramp generator as in claim 10, characterized in 
that means for producing a curve further comprises a controllable holding 
element (67), which feeds directly to its output the rising ramp and the falling 
ramp obtained from the scaling element, but holds the power level of its 

30 output signal at nominal value A between the rising ramp and the felling 
ramp, thus forming the flat portion between the rising ramp and the falling 
ramp. 

1 3. A digital ramp generator as in claim 6,characterized in 
that in the second-order difference equation of state variables the term 

35 2cos(27rfo/f CLK ) is rewritten to form 
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1 



2-2-* , [2 A, (2-cos(2^ 0 /f CLK ))], where 61= log 2 — n . / . 

wherein the state variable x 2 (n+1) is multiplied by two parallel multipliers (73, 
74) before adding. 
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